Epitaxially grown, high quality semiconductor InSb nanowires are emerging material systems for the development of high performance nanoelectronics and quantum information processing and communication devices, and for the studies of new physical phenomena in solid state systems. Here, we report on measurements of a superconductor-normal conductor-superconductor junction device fabricated from an InSb nanowire with aluminum based superconducting contacts. The measurements show a proximity induced supercurrent flowing through the InSb nanowire segment, with a critical current tunable by a gate, in the current bias configuration and multiple Andreev reflection characteristics in the voltage bias configuration. The temperature dependence and the magnetic field dependence of the critical current and the multiple Andreev reflection characteristics of the junction are also studied. Furthermore, we extract
can be employed, opening up great possibilities in the realization of hybrid devices [26] [27] [28] [29] [30] [31] for new physics studies. Among them, epitaxially grown, high crystalline-quality InSb nanowires 22, 32, 33 are one of most interesting material systems, due to the fact that bulk InSb material 34, 35 has a very high electron mobility µ e ∼ 77000 cm 2 /Vs, a very small electron effective mass m * e ∼ 0.015 m e , and a very large electron magnetic moment |g * | ∼ 51. Recently, quantum dot devices manufactured from InSb nanowires have shown to exhibit giant, strongly level-dependent electron g-factors and strong spin-orbit interactions. 22 As a result, InSb nanowires have been suggested as one of most promising material systems for creating novel particles-Majorana fermions-in solid state systems. [36] [37] [38] [39] [40] [41] [42] However, one of the prerequisites for creating Majorana fermions in an InSb nanowire based device is to introduce superconductivity in the nanowire device by the proximity effect. Thus, an experimental verification of the proximity induced superconductivity in the InSb nanowires is an important step towards realizing Majorana fermions in solid state structures.
Here, we report a first experimental study of a superconductor-normal conductor-superconductor InAs(111)B substrates by metal-organic vapor phase epitaxy in a two-stage approach using aerosol gold particles with a diameter of 40 nm as initial seeds. 22, 32 In the first stage of growth, the InAs nanowire segments are grown from the gold particles using precursor materials of trimethylindium (TMIn) and arsine. resistance of fabricated devices is measured using a probe station and the devices with roomtemperature resistance in the order of 10 kΩ are selected for detailed studies at low temperatures.
In this work, we report the results of low-temperature electrical measurements of a selected device as shown in 1a with a spacing of 30 nm between the two superconductor contacts-a device among the shortest nanowire-based S-N-S junctions. All electrical measurements presented below are performed in a 3 He/ 4 He dilution refrigerator. 26 and from Si/Ge nanowires, 28 could be the result of phase instability typically found in a capacitively and resistively shunted
Josephson junction or simply due to a heating effect. 43, 44 1c Note that ∆ determined in this way is slightly different at different back gate voltages. Also, in both curves, a sharp peak at V sd = 0 V is observed, due to the superconductivity induced by proximity effect in the InSb nanowire section. However, comparing the two curves in 3a, we observe that the central peak is much more pronounced at V bg = −935 mV (black solid curve), at which the critical current I c is large. We also observe that the overall trend of dI sd /dV sd with decreasing |V sd | differs distinctly in the two curves. At V bg = −935 mV (black solid curve) dI sd /dV sd increases as |V sd | decreases to zero, whereas at V bg = −600 mV (red solid curve) dI sd /dV sd decreases. This behavior is consistent with the our early discussion that transport through a broadened energy level in the Both curves are seen to display a series of peaks, due to MARs, symmetric around V sd = 0 V. The two curves also show different behaviors in the magnitude of dI sd /dV sd as |V sd | is decreased to zero. The black solid curve shows that dI sd /dV sd increases on average, followed by a strong supercurrent peak at V sd = 0 V, while the red solid curve shows that dI sd /dV sd decreases on average, followed by a strongly suppressed supercurrent peak at V sd = 0 V. (b) Differential conductance dI sd /dV sd , on a gray scale, measured as a function of source-drain bias voltage V sd and magnetic field B at base temperature T = 25 mK and gate voltage V bg = −600 mV. Here, the peaks in dI sd /dV sd are seen as bright white lines. The black dashed line indicates the theoretically predicted magnetic field dependence of the superconducting energy gap of the Al based electrodes. (c) Differential conductance dI sd /dV sd , on a gray scale, measured as a function of source-drain bias voltage V sd and base temperature T at zero magnetic field and back gate voltage V g = −600 mV. The black dashed curve displays the theoretically predicted temperature dependence of the superconducting energy gap of the Al based electrodes. in 2a) . The I exc R n product extracted from the measurements varies between 60 µV and 220 µV.
